
UNIVERSITI TEKNOLOGI MARA 

TECHNICAL REPORT 

THE EXISTENCE OF CHAOS IN 

AIR POLLUTION INDEX (API) BY USING 

LARGEST LY APUNOV EXPONENT METHOD 

P19S19 

NOR AKMA HANIS BINTI ROSLEE (2017309811) 

NURULAIN BINTI MAZLAN (2017372113) 

SITI NOOR AFIQAH BINTI RAHMA T (2017373763) 

Report submitted in partial fulfilment of the requirement 
for the degree of 

Bachelor of Science (Hons.) Management Mathematics 
Faculty of Computer and Mathematical Sciences 

DECEMBER 2019 



ACKNOWLEDGEMENT 

IN THE NAME OF ALLAH, THE MOST GRACIOUS, THE MOST MERCIFUL. 

Firstly, we are grateful to Allah S.W.T for giving us the strength to complete this 

research successfully. This research becomes a reality with the kind support and help 

of many individuals. 

We would like to express our gratitude and appreciation to all those who gave us the 

possibility to complete this research. A special thanks to our lecturer for code 

MSP660, Mrs. Rossidah Binti Aziz, whose helps in coordinating this project 

especially in writing the report. 

We are highly indebted to our supervisor, Mr. Muhamad Luqman Bin Sapini whose 

have given his full effort in guiding this research for imparting his knowledge and 

expertise in this study as well as his encouragement to maintain our progress in track. 

Our thanks and appreciation also goes to our colleagues and those who have willingly 

helped us out with their abilities. 



TABLE OF CONTENTS 

COVER PAGE 

ACKNOWLEDGEMENT ............................................................................................ i 

TABLE OF CONTENTS ............................................................................................. ii 

LIST OF TABLES ...................................................................................................... iv 

LIST OF FIGURES ...................................................................................................... v 

LIST OF APPENDIX .................................................................................................. vi 

ABSTRACT .................................................................................................................. ! 

CHAPTERl ................................................................................................................. 2 

1.1 BACKGROUND OF STUDY .................................................................................... 2 

1.1.1 CHAOS THEORY ......................................................................................... 2 

1.1.2 AIR POLLUTION INDEX ............................................................................ 3 

1.2 PROBLEM ST A TEMENT ......................................................................................... 5 

1.3 RESEARCH QUESTIONS ........................................................................................ 5 

1.4 RESEARCH OBJECTIVES ...................................................................................... 5 

1.5 SCOPE OF STUDY ................................................................................................... 6 

1.6 SIGNIFICANCE OF STUDY ................................................................................... 6 

CHAPTER2 ................................................................................................................. 7 

2.1 CHAOS THEORY ..................................................................................................... 7 

2.2 AIR POLLUTION INDEX (APl) .............................................................................. 8 

2.3 METHOD OF CHAOTIC ......................................................................................... 9 

2.3.1 APPLICATION OF LARGEST LYAPUNOV EXPONENT ...................... 10 

II 



CHAPTER 3 ............................................................................................................... 12 

3.1 RESEARCH ACTIVITIES ...................................................................................... 12 

3.2 ACQUISITION DATA ........................................................................................... 13 

3.3 DETECTING CHAOTIC BEHAVlOR ................................................................... 14 

CHAPTER 4 ............................................................................................................... 16 

4.1 EXISTENCE OF CHAOTIC BEHA VlOR IN AIR POLLUTION INDEX ........... 16 

4.2 NUMBER OF TIME SERIES DAT A FREE FROM CHAOTIC BEHA VIOR ...... 17 

CHAPTER 5 ............................................................................................................... 21 

RE FE REN CES ........................................................................................................... 22 

APPEND IX A ............................................................................................................. 24 

Ill 



ABSTRACT 

This research presents a study on the existence of chaotic behavior, a property of 

non-linear situation, in the time series data of Air Pollution Index (APT). A chaotic 

indicator namely Largest Lyapunov Exponential (LLE) method is used in this 

research, to examine if there any existence of chaotic behavior in APT time series data. 

The result shows that there is the presence of chaotic behavior in the APT time series 

data when A, a symbol of LLE, is greater than O in all states: Johar, Negeri Sembilan, 

Pahang and Perak. Then, in order to help the predictors, this research also predict the 

number of time series data that free from chaotic behavior. The reason is, to make a 

prediction, the data itself need to be free from chaotic behavior in order to avoid from 

obtaining inaccurate prediction data. In conclusion, this research proof that APT time 

series data had the chaotic behavior and each state have different period of time series 

data that free from chaotic behavior. 


